. The proportion of enrollees receiving recommended chronic disease care management increased from 65.4 to 66.0 percent in expansion states and from 62.5 to 63.1 percent in nonexpansion states (adjusted DID: 1.1 percentage points [95% CI À0.5, 2.6]). We observed similar patterns for the receipt of recommended maternity care. Conclusions. Medicaid expansion increased enrollment in managed care plans, but it did not result in erosion of quality.
2012; Sommers, Baicker, and Epstein 2012; Ndumele et al. 2014) . Critics have cited cross-sectional evidence of substandard access to selected services for Medicaid recipients and low reimbursement rates for Medicaid providers (Bisgaier and Rhodes 2011; Decker 2015) . Early reports have found that Medicaid expansion has reduced the rate of uninsurance, decreased out-of-pocket spending, and improved access to care for low-income populations (Sommers et al. 2015; Wherry and Miller 2016) . Little is known, however, about the effect of the expansion on publicly reported clinical performance in Medicaid health plans.
Medicaid managed care has become the dominant method of delivering and financing services for low-income populations, with estimates indicating that over 80 percent of Medicaid recipients are currently enrolled in managed care (Rosenbaum 2015) . Moreover, the vast majority of states that have expanded their Medicaid programs anticipate placing most, if not all, of new recipients in managed care plans (Sommers et al. 2013) . Federal regulations, promulgated in 2002 and updated in 2016, require states to develop comprehensive methods to assess the quality of care provided in managed care plans (Centers for Medicare & Medicaid Services 2016) . The most commonly reported measures of quality are the Health Care Effectiveness Data and Information Set (HEDIS) indicators developed by the National Committee for Quality Assurance (NCQA), with approximately 70 percent of Medicaid plans publicly reporting on quality of care using HEDIS. Performance on these measures often carries high stakes for health plans, as Medicaid programs may incorporate measured quality into contracting decisions or financial incentives through pay-for-performance initiatives. Some policy observers have feared that expansion of Medicaid could erode quality if new entrants overburden plans' existing networks or lead plans to include suboptimal providers to increase network capacity. Nonetheless, we have little evidence regarding the baseline quality of care in the Medicaid managed care program or whether the expansion of Medicaid compromised the capacity of the program to deliver high-quality care.
We draw on prior literature to create a conceptual framework of how the federal Medicaid expansion could impact quality of care in the Medicaid program. Several studies have demonstrated reluctance among primary care physicians to accept patients with Medicaid coverage, leading to broad concerns about the capacity of the Medicaid program to accommodate a substantial increase in the number of beneficiaries (Cunningham and May 2006; Decker 2012) . We hypothesize three primary mechanisms through which an expansion could impact plan quality in the Medicaid program. First, if the number of recipients covered by the program outpaces the number of providers available to cover those recipients, this could compromise access and the delivery of recommended care. Recent research has shown that initiatives to increase the primary care workforce in Medicaid have had attenuated and inconsistent effects, with the appointment availability for Medicaid recipients still lagging behind privately insured counterparts (Polsky et al. 2017) . Prior work has also shown that expansions of public coverage, even when they result in increased program participation, often correspond with physicians spending less time with patients (Garthwaite 2012) . It is possible, however, that Medicaid expansion could spur programmatic investments by payers and providers that improve quality, analogous at the federal level to the decision to pair Medicaid expansion with the implementation of the primary care fee bump, a programmatic investment by the government. Second, in an era of widespread use of managed care in Medicaid, health plans may be forced to expand their networks to increase capacity in response to expansion, leading to potential deficits in care due to inclusion of lower-quality providers. Corlette et al. found that preferred provider networks are formed, at least in part, to incentivize the use of high-performing physicians. Consequently, an expansion of physician networks from the core set of preferred providers could require an expansion to lower-quality physicians (Corlette, Volk, and Berenson 2014) . Third, we hypothesize that an influx of millions of new patients could erode the quality of care received by existing patients in Medicaid managed care plans, including children and pregnant women ( Joynt et al. 2013; Ndumele et al. 2014) . Although prior studies have generally not observed negative spillover effects in access to care, the federal expansion of 2014 was larger in magnitude than those examined previously.
This study explores the effects of the recent state decisions to expand Medicaid on the quality reported by Medicaid managed care plans. Our study examines changes in preventive care, chronic disease care management, and maternity care for Medicaid managed care plans operating in states that expanded their Medicaid programs relative to concurrent changes in quality among plans in states that did not expand their Medicaid programs.
METHODS

Data Sources and Study Population
The primary data source for this project was the Medicaid HEDIS database maintained by the NCQA. HEDIS is a quality measurement tool used by more than 90 percent of health plans nationally and is the basis of performance assessment for health plan accreditation (National Committee for Quality Assurance 2013). While the submission of HEDIS data for Medicaid is not mandatory for all states, the large majority of Medicaid managed care beneficiaries were enrolled in organizations that submitted HEDIS data to the NCQA during our study period, ranging from 76 percent in 2011 to 88 percent in 2015 for measures included in our analysis. The data submitted from health plans are audited, and plan-level data are reported as an average of all individuals eligible for a quality measure. Although the results of audits are not publicly available, measures are flagged if they are based on an excessively small denominator (<30), if the rate is determined to be biased, or if a particular measure was unaudited. Our study only consisted of measures eligible to be audited that had no additional flags. Additional details on data collection processes and quality assurance are available elsewhere (National Committee for Quality Assurance 2016).
We linked plan-level data from the HEDIS dataset to health plans' federal regulatory filings (Centers for Medicare & Medicaid Services 2014) . From the regulatory filings, we obtained information on the organizational structure, market share, and changes in Medicaid enrollment for each health plan. We subsequently linked these data to the Area Health Resources Files (AHRF) to obtain information on health care facilities in the states in which the health plans in our study operated, to the U.S. Census for information on state-level uninsurance, and to data from the Kaiser Family Foundation for information on Medicaid eligibility levels (Health Resources and Services Administration 2015; Kaiser Family Foundation 2015; U.S. Census Bureau 2015) .
Our study included data for the years 2011 through 2015 (3 years prior and 2 years following the Medicaid expansion for most states). Our final sample included 163 unique health plans in 27 states that expanded their Medicaid programs and 100 plans in 14 states that did not expand their Medicaid programs (Table S1 in Appendix SA2). Overall, we evaluated 1,010 plan years over the course of the 5-year study period. Our study using secondary data analysis was deemed exempt from review by an institutional review board. 
Study Variables
The primary dependent variable was a composite measure of quality of care, defined as the proportion of eligible Medicaid recipients who received recommended health services. We evaluated 11 quality metrics in three distinct areas, constructing a composite for each one: preventive care, chronic disease care management, and maternity care. We selected plan measures applicable to the expanded Medicaid population, which were consistent with previous evaluations of quality in the Medicaid program, and corresponded to recent Centers for Medicare and Medicaid Services (CMS) metrics to assess quality in Medicaid managed care (Landon et al. 2007 ; Centers for Medicare & Medicaid Services 2016) . Detailed information on the specific quality metrics chosen, as well as the eligible populations for each measure, can be found in Table S2 in Appendix SA2. The primary independent variable was an interaction between whether a Medicaid managed care health plan operated in a state that expanded its Medicaid program and whether the time period was before or after the state implemented Medicaid expansion under the ACA (either in 2014 or 2015). To assess the comparability of expansion and nonexpansion states at baseline, we used a number of statelevel indicators associated with access to care. Measures included the number of Medicaid beneficiaries, annual Medicaid enrollment growth, Medicaid eligibility levels, the number of federally qualified health centers, the annualized rate of uninsurance among nonelderly individuals, and the number of managed care plans.
Statistical Analysis
We employed a difference-in-differences approach to estimate the effect of the Medicaid expansion on quality of care, comparing Medicaid managed care plan quality before (2011-13) and after (2014-15) Medicaid expansion in states that elected to expand Medicaid eligibility as compared with those that did not. (Two states-Indiana and Pennsylvania-implemented Medicaid expansion in 2015 and thus were included in our analysis with only 1 year of postexpansion data.) This quasi-experimental design estimates the effect of a policy by examining the change in the outcome of interest in the group exposed to the policy relative to the change in a control group unaffected by the policy. This approach offers an advantage over standard prepost designs by accounting for secular trends in the population that may be unrelated to the policy of interest. We used generalized linear models to calculate difference-in-differences effects, weighted by each quality measure's eligible population, and adjusted for profit status, whether the plan only served Medicaid beneficiaries, and two time-varying measures: annual plan enrollment and annual market share. For one outcome where the eligible population was not reported (smoking cessation), as well as the overall composite measures, we weighted regression estimates by the annual population in each plan. Our models used state and year fixed effects and clustered all standard errors at the state level to account for the nonindependence of observations across years.
We assessed changes in quality for each of the 11 individual measures, as well as the composite quality scores. Because not all plans submitted quality data for each measure and year and the distribution of scores across measures varied considerably, we generated the composite scores by first standardizing the component measures to have a mean of zero and variance of one before averaging across the components and rescaling to reflect the raw composite mean and standard deviation. Less than 20 percent of plans did not report data for eight of the 11 of measures included in our study in 2015. Missing data were generally more prevalent for measures that required chart review (e.g., blood pressure control). Measures were generally not reported when plans did not have a large enough sample of eligible enrollees to produce a stable estimate. Notably, plans that submitted quality data over 2011-14 differed across several key dimensions relative to plans that did not submit quality data (Table S3 in Appendix SA2) .
We conducted a number of sensitivity analyses to examine the robustness of our results. First, we conducted a formal test of the common trends assumption by comparing Medicaid managed care plan quality during the pre-expansion period (2011-13) in expansion and nonexpansion states (Table S4 in Appendix SA2). Second, we investigated the impact of the "woodwork" effect, in which increased awareness surrounding a public insurance expansion may prompt individuals who were previously eligible, but not enrolled, to acquire coverage (Sonier, Boudreaux, and Blewett 2013) . To account for this, we used enrollment data to identify Medicaid managed care plans in nonexpansion states that experienced significantly larger relative increases in enrollment (greater than the 75th percentile) between 2013 and 2014. We repeated our primary analysis and excluded the "woodwork plans" from the control group to estimate the effect of Medicaid expansion in the absence of plans that saw significant increases in enrollment. We also estimated the "woodwork" effect, estimating the impact of plans operating in states with large increases in enrollment (again, greater than the 75th percentile) relative to plans in other nonexpansion states.
Third, we conducted a stratified analysis of changes in quality among plans operating in states that had increases in coverage eligibility (defined as percent of the FPL) that were above and below the median expansion nationally. Fourth, we repeated our primary analysis with plan (rather than state) fixed effects (Colin Cameron and Miller 2015) . Fifth, because the HEDIS data are reported for each plan annually, we conducted sensitivity analyses in which we indicated the two states that expanded eligibility midyear in 2014 (Michigan and New Hampshire) instead underwent expansion in 2015. We also conducted a separate analysis excluding the five states (and the District of Columbia) that partially expanded their Medicaid programs prior to 2014. Sixth, we repeated our primary analysis, limiting the sample to plans that reported HEDIS data in each year of the study period. Lastly, we limited our analysis to plans in the subset of states that mandated HEDIS reporting for relevant comprehensive Medicaid managed care plans in 2014 (Table S1 in Appendix SA2).
RESULTS
Characteristics of the Sample
The primary study population included 263 managed care plans serving over 21.4 million enrollees in 2011 and 49.9 million enrollees by 2015. At baseline, the average enrollment in Medicaid managed care plans operating in expansion states was higher than enrollment in plans residing in nonexpansion states (Table 1) . After the principal Medicaid expansion in 2014, plans in both expansion and nonexpansion states experienced substantial growth in the number of Medicaid recipients enrolled in Medicaid managed care plans. The increase in mean plan enrollment in expansion states (130,533 to 274,259) was more than two times higher than the increase in nonexpansion states (105,449 to 148,194) for plans in our sample (110 to 41 percent) (Figure 1) . A higher proportion of plans in nonexpansion states exclusively insured Medicaid enrollees (55 vs. 46 percent 2011-13, on average), and plans in nonexpansion states were more likely to be for-profit (73 vs. 48 percent 2011-13, on average). States that participated in the Medicaid expansion had significantly higher income eligibility thresholds than nonexpansion states prior to the expansion and experienced more dramatic increases in the number of Medicaid beneficiaries.
Quality of Care in Medicaid Managed Care Plans
We examined quality of care across 11 distinct measures in the areas of preventive care, chronic disease care management, and maternity care ( Table 2 ). The mean plan-level population eligible for evaluation ranged considerably for each metric: for example, just over 1,000 Medicaid managed care enrollees annually were eligible for follow-up treatment following a mental health-related hospitalization while approximately 18,500 enrollees were eligible for the adult BMI assessment measure. Prior to the expansion of Medicaid, performance scores varied significantly by measure, with just under half of enrollees (49 percent) in expansion states receiving timely follow-up treatment after a hospitalization for mental illness as compared with 39 percent of enrollees in nonexpansion states. Conversely, over 80 percent of enrollees were receiving recommended prenatal care (85 percent in expansion states and 81 percent in nonexpansion states). Performance rates were generally slightly lower among managed care plans operating in nonexpansion states. Notes. Composite quality scores reflect average Z-score across relevant individual quality measures and rescaled to reflect raw composite mean and standard deviation. Difference-in-differences results reflect ordinary least-squares regression with state and year fixed effects and plan-level controls for total membership, market share, profit status, and whether the plan is Medicaid-only, weighted by the measure's eligible population (or total plan population for the composite and smoking measures). 95% confidence intervals reflecting robust standard errors clustered at the state level in brackets. *p < .05, **p < .01, ***p < .001. Table 2 ). In addition to the composite measure, we observed a consistent noneffect of the expansion on each of the individual quality metrics, further indicating that the expansion had no measurable effect on the quality of care delivered in the Medicaid program.
Sensitivity Analyses
We examined the effect of expansion on quality for several subgroups to test the robustness of our primary findings. Medicaid expansion was not associated with significant changes in quality of care following exclusion of "woodwork plans" or among plans in nonexpansion states that saw larger increases in enrollment (the "woodwork effect"; Figure 2 ). Separate regressions limited to expansion states with small or progressively larger expansions given income as a percent of the FPL yielded similar point estimates as the primary analysis, with nonsignificant effects of the Medicaid expansion for the preventive and maternity care composite measures (Figure 3) . A significant positive effect was evident, however, with the chronic disease care management composite for plans in states with larger expansions (adjusted DID: 1.6 percentage points [95% CI 0.0, 3.2]). Our primary findings were also robust to use of plan fixed effects instead of state fixed effects, exclusion of the five states (and the District of Columbia) that expanded Medicaid eligibility in the years just prior to 2014, models that reassigned 2014 expansions in Michigan and New Hampshire to 2015, limiting our primary analysis to plans that reported HEDIS data in each year of the study period, and limiting the analysis to the subset of states that mandated HEDIS reporting in 2014 (Table S5 in Appendix SA2).
DISCUSSION
We evaluated the effect of Medicaid expansion on the quality of care reported by Medicaid managed care plans. While previous studies have examined the effects of Medicaid expansion on access to physicians and health care services, our study is the first to investigate whether expansions initiated under the ACA have been associated with changes in Medicaid plans' publicly reported quality. It is also one of the few studies to estimate the effects of expansion over multiple years. We find that the Medicaid expansion resulted in increases in Medicaid managed care enrollments in both expansion and nonexpansion Note. Composite quality scores reflect average Z-score across relevant individual quality measures and rescaled to reflect raw composite mean and standard deviation. Adjusted results reflect ordinary least-squares regression with state and year fixed effects and plan-level controls for total membership, market share, profit status, and whether the plan is Medicaid-only, weighted by the measure's eligible population (or total plan population for the composite and smoking measures). "Woodwork plans" are those in nonexpansion states that saw increases in enrollment (greater than the 75th percentile) between 2013 and 2014. "Woodwork effect" analysis estimates effect for "woodwork plans" relative to "nonwoodwork plans" in nonexpansion states. states, but it did not appear to have a significant effect on plans' reported quality of care delivered to Medicaid enrollees. This result was robust to different specifications, including models that excluded plans in nonexpansion states with far above average growth in enrollment. We found no evidence that the expansion of Medicaid eroded plan-reported performance rates in any of the domains we observed or among plans in states that experienced larger increases in the eligibility of managed care enrollees. Nonetheless, there remains considerable variation in the quality of care delivered to Medicaid managed care recipients.
Estimates from prior studies show that the vast majority of individuals newly covered under the ACA Medicaid expansion have enrolled in managed Note. Composite quality scores reflect average Z-score across relevant individual quality measures and rescaled to reflect raw composite mean and standard deviation. Adjusted results reflect ordinary least-squares regression with state and year fixed effects and plan-level controls for total membership, market share, profit status, and whether the plan is Medicaid-only, weighted by the measure's eligible population (or total plan population for the composite and smoking measures).
Small and large changes in Medicaid eligibility defined using the median change in the 2013-15 federal poverty level (FPL) threshold among expansion states.
care plans, necessitating investigation into plans' readiness to care for the expanding needs of a growing Medicaid population (McCahill and Van Leer 2012; Kaiser Family Foundation 2014) . Our results provide reassuring evidence that overall plan quality has not been overwhelmed by the influx of newly insured beneficiaries. Rather, these plans have generally been able to absorb new enrollees without sacrificing care for existing enrollees, at least as measured by the 11 quality indicators in this study. These findings align with the results of recent investigations showing sufficient access to health services among new Medicaid enrollees (Sommers et al. 2015; Wherry and Miller 2016) .
Our study yields several important insights into understanding the implications of Medicaid expansion on enrollment and measured quality in Medicaid managed care plans. First, many stakeholders have indicated that the expansion of Medicaid may not benefit low-income populations to the extent that it relegates vulnerable citizens to a comparatively low-performing insurance program (Pear 2011) . Indeed, we find considerable variation and some areas for improvement in performance among the Medicaid managed care plans in our study. The observed level of performance, however, is comparable and, in some cases, greater than that reported in the Medicare Advantage population for similar measures (Ayanian et al. 2013; Levine, Linder, and Landon 2016) . For example, a recent study using a national sample to assess the quality of outpatient care found that 75 percent of diabetics receive hemoglobin A1c checks; our study indicates that 85 and 87 percent of nonexpansion and expansion populations, respectively, received recommended checks (Levine, Linder, and Landon 2016) . Moreover, our study does not support potential concerns that the new influx of enrollees would negatively impact measured quality of care, as many new enrollees might not be connected to a regular source of care and therefore enter their plan with uncontrolled chronic disease. With Medicaid playing a larger role in insuring Americans, it remains particularly important to identify and invest in strategies to improve the quality of the program. This is especially true as it relates to intermediate outcomes, an area where performance lagged behind other quality metrics.
The states that have not currently chosen to expand their Medicaid programs have on average more restrictive eligibility standards than do expansion states. Thus, some policy observers have noted that early positive results about Medicaid expansion may not extend to these states, which would require much greater investments in infrastructure than the currently expanded states. Our finding that effects of the expansion on quality are similar among states irrespective of the relative magnitude of expansion is reassuring, as it suggests that even expansion states that substantially changed their eligibility policies following the ACA were able to do so without widespread negative effects for the broader population of Medicaid enrollees. Similarly, ongoing efforts to standardize performance reporting and create national rankings for Medicaid managed care plans have prompted concerns that plans in states that expanded their Medicaid programs may be penalized because they have had to measure and report quality among a newly eligible population that may have significant unmet health care needs. Our findings do not support this concern. Rather, we found modest and nonsignificant changes in reported care for plans in expansion states relative to the concurrent trend for plans in states that did not expand.
Our study has a few notable limitations. First, we only examined a subset of recommended quality metrics for Medicaid recipients. Nonetheless, we chose metrics that the NCQA and CMS have identified as important indicators of quality for Medicaid enrollees. Second, we only had data for the Medicaid managed care plans that submitted HEDIS data to the NCQA. While the characteristics of plans that submitted data differed in some cases from those that did not, we controlled for all observable variables in regression analyses. As it is possible that the plans submitting to the NCQA were disproportionately high-functioning, quality estimates may represent an upper bound of the quality of care delivered nationally. Detailed data on the number of recipients eligible for each measure allowed us to properly weight measures to reflect national estimates of quality. Third, our results only represent findings for 2 years following the Medicaid expansion. Therefore, the intermediate or long-term effects of the expansion remain unknown. Fourth, the effects observed for quality measured at the plan level are distinct from the experiences of individual Medicaid enrollees. Fifth, our results are less applicable to states that do not use managed care to finance and deliver care for Medicaid enrollees.
In the first two years following implementation of the ACA, there is little evidence that expansion of Medicaid eligibility has had any observable negative impact on Medicaid managed care plans' reported quality on widely used performance indicators. While Medicaid appears to afford enrollees coverage comparable to that of other government insurance types, there remain significant opportunities for improving quality within the program. Our study suggests that Medicaid expansion can increase coverage among low-income populations and enrollment in Medicaid managed care plans without eroding publicly reported clinical performance in these plans.
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